An enzyme-free flow cytometric bead assay for the sensitive detection of microRNAs based on click nucleic acid ligation-mediated signal amplification.
A versatile flow cytometric bead assay (FCBA) coupled with a completely enzyme-free signal amplification mechanism is developed for the sensitive detection of microRNAs (miRNAs). This new strategy integrates click chemistry-mediated ligation chain reaction (CLCR) with hybridization chain reaction (HCR) for enzyme-free signal amplification on magnetic beads (MBs), and a flow cytometer for the robust fluorescence readout of the MBs. Firstly, target miRNA can initiate CLCR on the surface of MBs based on the click chemical ligation between dibenzocyclooctyne (DBCO)- and azide-modified single-stranded DNA (ssDNA) probes, and the amount of ligated ssDNA sequences on the MBs will be proportional to the dosage of target miRNA. Afterward, each of the ligated ssDNA products can trigger a cascade chain reaction of hybridization events between two alternating fluorophore-tagged hairpin probes, resulting in another signal amplification pathway with an amplified accumulation of fluorophores on the MBs. Finally, the fluorophore-anchored MBs are directly and rapidly analyzed by using a flow cytometer without any separation or elution processes. Herein, the click nucleic acid ligation only occurs on the surface of MBs, so the nonspecific ligations are greatly inhibited compared with that of ligation reaction performed in homogeneous solution. Furthermore, the signal amplification by CLCR-HCR is highly efficient but totally enzyme-free, which may overcome the potential drawbacks of conventional enzyme-catalyzed signal amplification protocols and lead to a high sensitivity. The CLCR-HCR-based FCBA has pushed the detection limit of let-7a miRNA down to the femtomolar (fM) level, showing great potential in miRNA-related biological studies and disease diagnosis.